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(54) VIBRATING FORK TYPE FIELD DEVICE WITH COIL ARRANGEMENT TO INDUCE VIBRATION

(57) A field device comprising first and second tines;
first and second rods coupled to the first and second
tines; a coil arrangement fixed to the first rod; a magnet
fixed to the second rod, opposite the coil arrangement;
excitation circuitry coupled to the coil arrangement and
controllable to provide a time-varying current to the coil
arrangement, resulting in vibration of the first tine in re-
lation to the second tine; sensing circuitry coupled to the
coil arrangement and configured to provide a sensing
signal indicative of a change in at least one property of
the vibration of the first tine in relation to the second tine;
and measurement control circuitry coupled to the excita-
tion circuitry and the sensing circuitry for controlling op-
eration of the excitation circuitry.



EP 4 357 033 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

Technical Field of the Invention

[0001] The present invention relates to a vibrating fork
type field device for determining a change in a property
of a medium.

Technical Background

[0002] Field devices relying on the use of changes in
vibration properties of a vibrating fork to determine
changes in material properties of the medium in which
the vibrating fork is arranged, can be used to, for exam-
ple, detect a predefined level in a tank, measure density
and/or viscosity, or determine mixing ratios, etc. Such
field devices are popular, due to their relative compact-
ness, cost-efficiency, and low power consumption.
[0003] The vibrations in the tines of the vibrating fork
can conveniently be induced using piezoelectric trans-
ducers. However, especially for high-temperature appli-
cations, it would be desirable to find an alternative, since
currently available efficient and temperature insensitive
piezoelectric transducers contain lead. One such alter-
native way of inducing the vibrations in the tines is to use
time-varying electromagnetic forces.
[0004] US 2018/0074018 describes an electrome-
chanical transducer unit for a field device comprising a
membrane embodied to execute mechanical oscillations,
two rods perpendicular to the membrane and secured to
the membrane, and a housing. The membrane forms at
least one portion of a wall of the housing, and the two
rods extend into the housing interior. The electromagnet-
ic transducer unit also comprises two magnets, wherein
each magnet is secured in an end region away from the
membrane to a different one of the two rods, and a coil
with a core, wherein the coil is secured above the mag-
nets within the housing, and is contactable with an elec-
trical, alternating current signal, wherein the coil is em-
bodied to produce a magnetic field that causes the two
rods via the two magnets to execute mechanical oscilla-
tions, and wherein the two rods are secured to the mem-
brane such that oscillations of the membrane result from
oscillations of the two rods.
[0005] It would be desirable to provide an improved
field device, in particular a field device that may be sim-
pler and more cost-efficient.

Summary

[0006] In view of the above, a general object of the
present invention is to provide an improved vibrating fork
type field device.
[0007] According an aspect of the present invention, it
is therefore provided a field device for determining a
change in a property of a medium, the field device com-
prising first and second tines to be arranged in the me-
dium; first and second rods coupled to the first and sec-

ond tines, in such a way that vibration of the first rod in
relation to the second rod results in vibration of the first
tine in relation to the second tine; a coil arrangement fixed
to the first rod; a magnet fixed to the second rod, opposite
the coil arrangement; excitation circuitry coupled to the
coil arrangement and controllable to provide a time-var-
ying current to the coil arrangement, resulting in vibration
of the first tine in relation to the second tine; sensing
circuitry coupled to the coil arrangement and configured
to provide a sensing signal indicative of a change in at
least one property of the vibration of the first tine in rela-
tion to the second tine; and measurement control circuitry
coupled to the excitation circuitry and the sensing circuit-
ry, and configured to: control the excitation circuitry to
provide the time-varying current to the coil arrangement;
receive the sensing signal from the sensing circuitry; and
determine the change in the property of the medium
based on the change in the at least one property of the
vibration and a predetermined relation between the
change in the at least one property of the vibration and
the change in the property of the medium.
[0008] In existing vibrating fork type field devices with
electromagnetically induced vibration, the coil used for
inducing the vibration is wound around a specially
shaped core that is fixed in a housing of the field device,
and moving parts are provided with permanent magnets.
The present invention is based on the realization that a
simpler and more cost-efficient field device can be
achieved by fixing a coil arrangement to one of the rods,
and a magnet (permanent magnet or electromagnet) to
the other one of the rods, and to induce the desired vi-
bration by passing a time-varying current through a coil
of the coil arrangement. Hence, the field device according
to embodiments of the present invention may be opera-
tional with a magnetic system including only two mag-
netic members, in contrast to the three-member magnetic
systems in the prior art field devices. This allows for sim-
plified construction and manufacturing, and also provides
for stronger coupling between the magnetic fields, so that
lower power operation can be achieved.
[0009] In summary, the present invention thus relates
to a field device comprising first and second tines; first
and second rods coupled to the first and second tines; a
coil arrangement fixed to the first rod; a magnet fixed to
the second rod, opposite the coil arrangement; excitation
circuitry coupled to the coil arrangement and controllable
to provide a time-varying current to the coil arrangement,
resulting in vibration of the first tine in relation to the sec-
ond tine; sensing circuitry coupled to the coil arrange-
ment and configured to provide a sensing signal indica-
tive of a change in at least one property of the vibration
of the first tine in relation to the second tine; and meas-
urement control circuitry coupled to the excitation circuit-
ry and the sensing circuitry for controlling operation of
the excitation circuitry.
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Brief Description of the Drawings

[0010] These and other aspects of the present inven-
tion will now be described in more detail, with reference
to the appended drawings showing example embodi-
ments of the invention, wherein:

Fig 1 schematically shows an example application
for the field device according to embodiments of the
present invention;
Fig 2 is a schematic illustration of the field device
according to example embodiments of the present
invention;
Fig 3 is a schematic partial cross-section view of a
first embodiment of the field device in fig 2;
Fig 4 is a circuit diagram schematically showing a
read-out circuitry configuration for the first embodi-
ment of the field device;
Fig 5 is a schematic partial cross-section view of a
second embodiment of the field device in fig 2;
Fig. 6 is a circuit diagram schematically showing a
read-out circuitry configuration for the second em-
bodiment of the field device;
Fig 7 is a schematic partial cross-section view of a
third embodiment of the field device in fig 2; and
Fig 8 is a schematic partial cross-section view of a
fourth embodiment of the field device in fig 2.

Detailed Description of Example Embodiments of the In-
vention

[0011] Fig 1 schematically shows an example applica-
tion for the field device according to embodiments of the
present invention. Referring to fig 1, a process tank 1 has
an inlet 3, an outlet 5, a agitator 7, and first 9 and second
9’ field devices of the vibrating fork type. In the example
arrangement in fig 1, the first 9 and second 9’ field devices
are arranged and configured to function as limit switches,
where the first field device 9 indicates when the level of
product 11 in the tank 1 goes up to and passing the level
of the first field device 9 and the second field device 9’
indicates when the level of the product 11 goes down to
and passing the level of the second field device 9’. It
should be understood that the tank 1 may be provided
with at least one additional field device of the vibrating
fork type, and that such (a) field device(s) may be con-
figured to determine changes in one or more other prop-
erties of the product 11 in the tank 1. Examples of such
properties may, for example, include the density, and/or
the viscosity, and/or the composition of the product 11
(which may be a mixture of materials). Since methods
for determining changes in such various properties based
on changes in vibration properties of vibrating fork tines
are, per se, well-known to one of ordinary skill in the rel-
evant art, a detailed description of such methods is omit-
ted.
[0012] Fig 2 is a scematic illustration of the field device
9 according to example embodiments of the present in-

vention with a vibrating fork portion 13, an interface por-
tion 15, and a neck portion 17 between the vibrating fork
portion 13 and the interface portion 15.
[0013] Fig 3 is an enlarged schematic view of the vi-
brating fork portion 13 of the field device 9 in fig 2. As
can be seen in fig 3, the vibrating fork portion 13 is partially
cut open by intersection with a plane 22 to reveal the
interior of this portion of the field device 9. Referring to
fig 3, the field device 9 comprises first and second tines
19a-b, first and second rods 21a-b, a coil arrangement
23, a magnet 25, excitation circuitry 27, sensing circuitry
28, and measurement control circuitry 29.
[0014] The first and second tines 19a-b are configured
to be arranged in a medium, which may, for example, be
the product 11 in the tank 1 in fig 1, or the atmosphere
12 above the product 11 in the tank 1 in fig 1. As is, per
se, well known, vibration properties of the first and second
tines 19a-b are influenced by material properties of the
medium in which the first and second tines 19a-b are
arranged. The first and second rods 21a-b are coupled
to the first and second tines 19a-b in such a way that
vibration of the first rod 21a in relation to the second rod
21b results in vibration of the first tine 19a in relation to
the second tine 19b. Advantageously, the first and sec-
ond rods 21a-b may be arranged and configured to be
vibrated substantially in anti-phase with each other, and
the first and second tines 19a-b may be coupled to the
first and second rods 21a-b in such a way that vibration
substantially in anti-phase of the first and second rods
21a-b results in vibration in anti-phase of the first and
second tines 19a-b. An exemplary way of achieving such
a vibration coupling between the rods 21a-b and the tines
19a-b is to couple the first and second rods 21a-b to the
first and second tines 19a-b via a membrane 31.
[0015] As is schematically shown in fig 3, the coil ar-
rangement 23, which is in this first embodiment provided
in the form of a single coil 24, is fixed to the first rod 21a,
and the magnet 25 is fixed to the second rod 21b, oppo-
site the coil arrangement 23. The excitation circuitry 27
is coupled to the coil arrangement 23, via wires 33a-b.
The excitation circuitry 27 is controllable to provide a
time-varying current to a coil in the coil arrangement 23.
The time-varying current results in a time-varying mag-
netic field around the coil arrangement 23, which in turn
results in a time-varying force acting between the coil
arrangement 23 and the magnet 25. This, in turn, results
in vibration of the first rod 21a in relation to the second
rod 21b. The wires 33a-b may be configured to allow
relative motion of the coil arrangement 23 in relation to
the excitation circuitry 27. To that end, the wires 33a-b
may be provided with slack, as is schematically indicated
in fig 3.
[0016] The sensing circuitry 28 (here indicated as be-
ing included in the same integrated circuit as the excita-
tion circuitry 27) is also (directly or indirectly) coupled to
the coil arrangement 23, and is configured to provide a
sensing signal indicative of a change in at least one prop-
erty of the vibration of the first rod 21a in relation to the
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second rod 21b, and thus indicative of a change in at
least one property of the vibration of the first tine 19a in
relation to the second tine 19b. In the example configu-
ration in fig 3, the sensing circuitry 28 is indicated as
being coupled to the coil arrangement via the wires 33a-
b coupling the excitation circuitry 27 to the coil arrange-
ment 23.
[0017] Finally, the measurement control circuitry 29 is
coupled to the excitation circuitry 27 and the sensing cir-
cuitry 28, and configured to control the excitation circuitry
27 to provide the time-varying current to the coil arrange-
ment 23, receive the sensing signal from the sensing
circuitry 28, and determine a change in a property of the
medium at least partly surrounding the tines 19a-b based
on the change in the at least one property of the vibration,
and a predetermined relation between the change in the
at least one property of the vibration and the change in
the property of the medium. To allow read-out of the
change in the property of the medium, or of the property
of the medium, from the field device 9, the measurement
control circuitry 29 may be connected to interface circuitry
(not shown) in the interface portion 15 of the field device,
for example via wires 30a-b.
[0018] The first and second tines 19a-b, and the first
and second rods 21a-b are arranged in such a way that,
in an intersection of the field device 9 with a given plane
22, the first tine 19a is opposite and parallel with the sec-
ond tinea19b and the first rod 21a is opposite and parallel
with the second rod 21b. As can be seen in fig 3, the coil
arrangement 23 and the magnet 25 are also intersected
by the plane 22. In fig 3, the indicated plane 22 is a sym-
metry plane for the first tine 19a and the second tine 19b,
and also for the coil arrangement 23 that is fixed to the
first rod 21a and for the magnet 25 that is fixed to the
second rod 21b. This symmetric, in-line arrangement of
the coil arrangement 23 and magnet 25 in relation to the
first and second tines 19a-b reduces the risk of dynamic
deformation of the tines 19a-b and/or rods 21a-b influ-
encing the determination by the field device 9 of the
change of the property of the medium 11. This may, in
turn, provide for improved determination of the change
of the property of the medium 11.
[0019] As is, per se, well known, properties of the vi-
bration may include, for example, resonance frequency,
damping, phase, etc. An increase in the density and/or
viscosity of the medium at least partly surrounding the
first and second tines 19a-b would typically result in a
corresponding decrease of the resonance frequency
and/or a corresponding decrease in vibration amplitude,
etc.
[0020] Fig 4 is a circuit diagram schematically showing
a read-out circuitry configuration for the first embodiment
of the field device 9, described above with reference to
fig 3.
[0021] Referring to fig 4, the excitation circuitry 27 is
coupled to the above-mentioned single coil 24, and the
sensing circuitry 28 is also coupled to the single coil 24.
The excitation circuitry 27 is configured to provide a multi-

frequency excitation signal to the single coil 24, and the
sensing circuitry 28 is configured to sense a frequency-
dependent impedance of the single coil 24. The excitation
circuitry 27 and the sensing circuitry 28 are coupled to
the measurement control circuitry 29. A change in the
sensed frequency-dependent impedance may be an in-
dication of the change of the property of the medium 11.
[0022] In the read-out circuitry configuration in fig 4,
the excitation circuitry 27 is coupled to provide the multi-
frequency excitation signal as a multi-frequency voltage
across a series coupling arrangement of the single coil
24 and an auxiliary electric circuit element 32 having a
known impedance, which may or may not be frequency-
dependent, within a frequency range of the multi-frequen-
cy voltage; and the sensing circuitry 28 is coupled to
sense the frequency-dependent impedance of the single
coil 24 by sensing a voltage across the the single coil 24.
The excitation circuitry 27, the single coil 24, the auxiliary
electric circuit element 32, and the sensing circuitry 28
are coupled in a voltage divider configuration.
[0023] The multi-frequency excitation circuitry output
voltage may be a pulse, a bandlimited noise signal or a
frequency sweep.
[0024] In the case of a pulse, such as a step, which
theoretically carries all frequencies, the response is
sensed by the sensing circuitry 27, and may be evaluated
using, per se known, peak signal detection. For example,
an FFT and peak search may be used.
[0025] In the case of noise, a bandlimited noise signal
with suitable frequency content for this application may
be used, and the response is sensed by the sensing cir-
cuitry 27, and may be evaluated using, per se known,
peak signal detection. For example, a z-transform and
peak search may be used.
[0026] In the case of a frequency sweep, for example
a sine sweep with a varying frequency may be used, and
the response amplitude may be sensed by the sensing
circuitry, and may be recorded together with the current
frequency of the sweep.
[0027] The different output voltages mentioned above,
and others, can be combined, and/or may be used adap-
tively. For instance, the measurement control circuitry 29
may control the excitation circuitry 27 to initially use a
first excitation signal configuration, and then control the
excitation circuitry 27 to use another excitation signal
configuration, depending on an analysis of the sensing
signal.
[0028] Referring again to fig 3, there may be free
space/air between the first rod 21a and the second rod
21b, at least where the coil arrangement 23 and the mag-
net 25 are fixed. This allows for unperturbed action of the
above-mentioned time-varying magnetic field, as well as
unhindered motion of the first rod 21a in relation to the
second rod 21b.
[0029] The field device 9 may comprise a housing 35,
where the first and second rods 21a-b, the excitation cir-
cuitry 27, and the sensing circuitry 28 are enclosed by
the housing 35, and the first and second tines 19a-b are
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arranged outside the housing. In embodiments with a
membrane 31, the membrane 31 may be part of the hous-
ing 35.
[0030] It should be noted that anti-phase vibration and
the use of a membrane is not essential for operation of
the field device 9 according to embodiments of the
present invention. For example, one of the tines, say 19a,
and the corresponding rod 21a may be stationary, in re-
lation to the housing 35.
[0031] Fig 5 is a schematic partial cross-section view
of a second embodiment of the field device 9 in fig 2. In
this second embodiment, the coil arrangement 23 com-
prises a first coil 37 fixed to the first rod 21a and a second
coil 39 fixed to the first rod 21a. The excitation circuitry
27 is coupled to the first coil 37 via first wires 41a-b, and
the sensing circuitry 28 is coupled to the second coil 39
via second wires 43a-b. In this configuration, the first coil
37 is used to induce the vibration, and the second coil
39 is used to measure at least one property of the induced
vibration. In the example configuration of fig 4, the first
coil 37 and the second coil 39 are schematically indicated
as being arranged next to each other. It should be noted
that this is only an illustrative example configuration, and
that the first 37 and second 39 coils may be arranged
differently. As in the first embodiment in fig 3, the first
and second tines 19a-b, and the first and second rods
21a-b are arranged in such a way that, in an intersection
of the field device 9 with a given plane 22, the first tine
19a is opposite and parallel with the second tinea19b
and the first rod 21a is opposite and parallel with the
second rod 21b. As can be seen in fig 5, the first coil 37
and the second coil 29 of the coil arrangement 23 and
the magnet 25 are also intersected by the plane 22. In
fig 5, the indicated plane 22 is a symmetry plane for the
first tine 19a and the second tine 19b, and also for both
the first coil 37 and the second coil 39 of the coil arrange-
ment 23 that is fixed to the first rod 21a and for the magnet
25 that is fixed to the second rod 21b. This symmetric,
in-line arrangement of the coil arrangement 23 and mag-
net 25 in relation to the first and second tines 19a-b re-
duces the risk of dynamic deformation of the tines 19a-
b and/or rods 21a-b influencing the determination by the
field device 9 of the change of the property of the medium
11. This may, in turn, provide for improved determination
of the change of the property of the medium 11.
[0032] Fig 6 is a circuit diagram schematically showing
a read-out circuitry configuration for the second embod-
iment of the field device 9, described above with refer-
ence to fig 5.
[0033] Referring to fig 6, the excitation circuitry 27 is
coupled to the above-mentioned first coil 37, and the
sensing circuitry 28 is coupled to the above-mentioned
second coil 39. The excitation circuitry 27 is configured
to provide an excitation signal to the first coil 37, which
will case the tines 19a-b to move in relation to each other,
and the sensing circuitry 28 is configured to sense a re-
sponse from the second coil 39.
[0034] Fig 7 is a schematic partial cross-section view

of a third embodiment of the field device 9 in fig 2. In this
third embodiment, the magnet 25 is illustrated as com-
prising an electromagnet realized by a coil 45 that may
be connected to a current source 46 via wires 47a-b. The
use of an electromagnet may be advantageous in high
temperature applications, since permanent magnets
may be adversely affected by heat.
[0035] Fig 8 is a schematic partial cross-section view
of a fourth embodiment of the field device 9 in fig 2. In
this fourth embodiment, the field device 9 comprises a
magnetic field guide member 51 surrounding the first and
second rods 21a-b, at least where the coil arrangement
23 and the magnet 25 are fixed to their respective rods
21a-b. Through the provision of the magnetic field guide
member 51, the magnetic flux efficiency can be in-
creased, which in turn may provide for the use of a smaller
permanent magnet and/or a coil (or coils) with fewer
turns, and/or a lower coil current.
[0036] The person skilled in the art realizes that the
present invention by no means is limited to the preferred
embodiments described above. On the contrary, many
modifications and variations are possible within the
scope of the appended claims.

Claims

1. A field device for determining a change in a property
of a medium, the field device comprising:

first and second tines to be arranged in the me-
dium;
first and second rods coupled to the first and
second tines, in such a way that vibration of the
first rod in relation to the second rod results in
vibration of the first tine in relation to the second
tine;
a coil arrangement fixed to the first rod;
a magnet fixed to the second rod, opposite the
coil arrangement;
excitation circuitry coupled to the coil arrange-
ment and controllable to provide a time-varying
current to the coil arrangement, resulting in vi-
bration of the first tine in relation to the second
tine;
sensing circuitry coupled to the coil arrangement
and configured to provide a sensing signal in-
dicative of a change in at least one property of
the vibration of the first tine in relation to the sec-
ond tine; and
measurement control circuitry coupled to the ex-
citation circuitry and the sensing circuitry, and
configured to:

control the excitation circuitry to provide the
time-varying current to the coil arrange-
ment;
receive the sensing signal from the sensing
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circuitry; and
determine the change in the property of the
medium based on the change in the at least
one property of the vibration and a prede-
termined relation between the change in the
at least one property of the vibration, and
the change in the property of the medium.

2. The field device according to claim 1, wherein the
first and second tines and the first and second rods
are arranged in such a way that, in an intersection
of the field device with a given plane, the first tine is
opposite and parallel with the second tine and the
first rod is opposite and parallel with the second rod.

3. The field device according to claim 2, wherein the
coil arrangement and the magnet are intersected by
the given plane.

4. The field device according to claim 2 or 3, wherein
the given plane is a symmetry plane for the first tine
and for the second tine.

5. The field device according to claim 4, wherein the
plane is a symmetry plane for the coil arrangement
fixed to the first rod and for the magnet fixed to the
second rod.

6. The field device according to any one of the preced-
ing claims, wherein the magnet fixed to the second
rod is an electromagnet.

7. The field device according to any one of the preced-
ing claims, wherein:

the field device comprises a housing;
the first and second rods, the excitation circuitry,
and the sensing circuitry are enclosed by the
housing; and
the first and second tines are arranged outside
the housing.

8. The field device according to claim 7, wherein the
excitation circuitry is fixed to the housing and coupled
to the coil arrangement by wires.

9. The field device according to claim 7 or 8, wherein:

the housing comprises a membrane; and
the first and second rods are coupled to the first
and second tines via the membrane.

10. The field device according to any one of the preced-
ing claims, wherein:

the coil arrangement comprises a first coil fixed
to the first rod and a second coil fixed to the first
rod;

the excitation circuitry is coupled to the first coil;
and
the sensing circuitry is coupled to the second
coil.

11. The field device according to claim 10, wherein the
first coil and the second coil are fixed to the first rod
at different distances from the first tine.

12. The field device according to any one of claims 1 to
9, wherein:

the coil arrangement comprises a single coil
fixed to the first rod;
the excitation circuitry is coupled to the single
coil and configured to provide a multi-frequency
excitation signal to the single coil; and
the sensing circuitry is coupled to the single coil
and configured to sense a frequency-dependent
impedance of the single coil.

13. The field device according to claim 12, wherein:

the excitation circuitry is coupled to provide the
multi-frequency excitation signal as a multi-fre-
quency voltage across a series coupling ar-
rangement of the single coil and an auxiliary
electric circuit element having a known imped-
ance within a frequency range of the multi-fre-
quency voltage; and
the sensing circuitry is coupled to sense the fre-
quency-dependent impedance of the coil by
sensing a voltage across the the single coil.

14. The field device according to claim 13, wherein the
excitation circuitry, the single coil, the auxiliary elec-
tric circuit element, and the sensing circuitry are cou-
pled in a voltage divider configuration.

15. The field device according to any one of claims 12
to 14, wherein the multi-frequency excitation circuitry
output voltage is a pulse, and/or a bandlimited noise
signal, and/or a frequency sweep.
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